Background
Chronic low back pain (cLBP) is a highly prevalent cause for medical consultation and a major reason for disability and quality of life (QoL) restrictions in industrialized countries. 1 Its manifestation with clinical signs indicating the pathophysiological involvement of neuropathic processes represents the most common form of a neuropathic pain syndrome and affects between 20% and 35% of cLBP patients. 2 Among the spectrum of cLBP patients, those with a neuropathic component (NC) usually report higher pain intensity levels as well as more and more severe disabilities with respect to daily-life activities and QoL as compared to those suffering from nociceptive pain. 3, 4 Several treatment guidelines have been developed worldwide to improve cLBP management, and although different nonpharmacologic strategies are recommended, management primarily relies on pharmacologic treatments. Recommended approaches for cLBP usually include acetaminophen, nonsteroidal anti-inflammatory drugs, and low-potency opioids, according to the stepwise analgesic pain ladder approach of the World Health Organization (WHO), supplemented by muscle relaxants in case of a proven increase in muscle tone, and adjuvant agents (eg, tricyclic antidepressants, selective serotonin-norepinephrine reuptake inhibitors, or Ca 2+ -channel modulating antiepileptic agents) if cLBP patients present with clinical signs suggestive for NC. [5] [6] [7] [8] [9] [10] [11] Irrespective of the underlying pathomechanisms or the clinical pain phenomenology, potent WHO Step III opioid analgesics are currently recommended as second-or thirdline alternatives only, for patients where either first-line medications did not achieve an adequate response, are associated with intolerable side effects, or are even contraindicated. [11] [12] [13] [14] Main reasons for these limitations are frequent and bothersome adverse events (AEs) experienced by a substantial proportion of opioid-treated patients (eg, fatigue, headaches, dizziness, nausea, vomiting, and opioid-induced constipation [OIC] ), which significantly impair daily functioning as well as QoL and interfere with the analgesic effects. [15] [16] [17] [18] Although most of these AEs are transient and can be prevented or at least diminished by appropriate countermeasures, OIC often persists over time and evolves -with a prevalence of 40% in opioid-treated patients -into the most common and most burdensome complication of long-term treatment with opioid analgesics, resulting in an increased use of health care resources and a significant loss of productivity. [19] [20] [21] [22] [23] [24] [25] [26] Recommended countermeasures to treat or even prevent this opioid-related AEs (eg, fluid and fiber intake, laxatives, and stool softeners) suffer from a lack of high-quality evidence regarding efficacy and safety [27] [28] [29] [30] and have proven ineffective for the majority of patients, as they are not able to address the underlying OIC mechanisms adequately. [31] [32] [33] [34] [35] [36] On the basis of the published evidence, WHO Step III analgesics are more or less comparably effective for patients suffering from chronic nonmalignant pain such as cLBP, 13, 37, 38 but differ with respect to their pharmacokinetics and side effect profiles, especially with respect to OIC. 39 Subsequently, both aspects gained in importance, and the latter has evolved into a primary criterion for differential treatment approaches, promoting the use of oxycodone/naloxone (OXN) and tapentadol (TAP), the two recently approved WHO Step III analgesics that differ significantly in comparison to the conventional µ-opioid receptor agonists of this class.
Among the currently available traditional WHO Step III opioids, the fixed-dose combination of prolonged-release (PR) oxycodone (a semisynthetic opioid agonist with a mixed activity on μ-and κ-receptors, twice as potent as oral controlled release morphine) with a low dose of PR naloxone (a highly potent peripherally acting µ-opioid receptor antagonist with a systemic bioavailability of less than 2%, narrowing its antagonistic activity to the prehepatic structures of the gastrointestinal [GI] tract), was the first WHO Step III analgesic with a dual mechanism on µ-opioid receptors providing not only relief of OIC via the antagonistic effects of naloxone, but also analgesia via its agonistic combination partner oxycodone. [40] [41] [42] Initially approved in Germany in 2006 for severe cancer-and noncancer-related pain that can only sufficiently be treated with opioid analgesics, OXN evolved rapidly into the most prevalently prescribed oral WHO Step III analgesic for chronic nonmalignant pain irrespective of its clinical phenomenology or underlying mechanisms in several European countries. In 2014, OXN was approved by the US Food and Drug Agency for the treatment of pain severe enough to require daily, round-the-clock, long-term opioid treatment and for which alternative treatment options are inadequate. 43 In 2010, PR tapentadol (TAP) was approved in Europe, and in 2011, in the USA, raising expectations toward a superior efficacy vs conventional opioid analgesics especially for neuropathic pain due its preclinically proven dual mode of action as a mild µ-opioid receptor agonist (with a relative potency of 2% vs morphine) and as a selective norepinephrine reuptake inhibitor. 44 Although clinical evidence exists to support both, its equivalent effectiveness for nociceptive as well as neuropathic pain and its superior safety profile in comparison to conventional WHO Step III opioids, tapentadol has so far not unequivocally been shown to be really superior 
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Efficacy and tolerability balance of OXN and TAP in cLBP-NC effective to any other opioid at alleviating neuropathic paina target indication due to its special mode of action. Recently, Baron et al 45 published results of a prospective randomized open-label noninferiority study comparing OXN vs TAP in opioid-naïve cLBP patients with an NC and reported some data suggesting a superior efficacy of TAP vs OXN. However, high and unbalanced attrition rates (51.6%/23.1% of OXN/TAP patients dropped out during the 3-week titration phase and 62.5%/33.8% during the whole 12-week study) and extensive imputation for data missing due to informative reasons raised several concerns about the generalizability of the results reported, leaving more questions open than answered. 46, 47 As both WHO Step III analgesics enjoy an increasing popularity among physicians, the German Pain Association and the German Pain League initiated the present noninterventional evaluation of routine data provided by the German Pain Registry focusing on patients with moderate-to-severe cLBP-NC refractory to other analgesics to gain further insight into their differential effects and their benefit-risk profiles (BRP) under real-life conditions. Objectives of this analysis were to assess the BRP for both treatments using a composite definition that incorporates patient-reported information on pain intensity, pain-related disabilities in daily-life activities and QoL, occurrence of OIC, side effects affecting the central nervous system (CNS), and the ability to remain on treatment for a period long enough to assess its efficacy.
Patients and methods

Study design
This is a noninterventional cohort study of randomly selected patients with cLBP-NC who received either TAP or OXN as part of routine care. Real-world data of the German Pain Registry -a national pain treatment register developed by the Institute of Neurological Sciences on behalf of the German Pain Association -that have originally been prospectively sampled for routine care purposes was analyzed. Data were entered using electronic case report forms provided by the German Pain Registry and the related online documentation service iDocLive ® . Patient questionnaires provided by this system were those recommended by the German Pain Association, the German Pain Society, and the German Pain League and cover a broad spectrum of validated instruments addressing among other parameters pain intensity, painrelated disabilities in daily life, QoL, bowel function, use of analgesics, and adjuvant therapies as well as treatment-related AEs, etc. 48, 49 Data were documented by patients themselves during routine use of the electronic documentation tools provided by the German Pain Registry and supplemented by related physician information, where appropriate.
Data sets with an a priori defined treatment evaluation period of at least 12 weeks at baseline were selected for patients who fulfilled the inclusion and exclusion criteria mentioned below and for whom a treatment with one of both index medications has been newly initiated between 1st January and 31st October 2015. Treatment initiation was defined as no index medication coverage in the prior 90 days, and the date of treatment initiation was set as the index date for the definition of the 12-week data selection period. Based on that sample, data for this analysis were randomly selected based on a hidden random select list to address possible treatment biases and substance preferences of participating physicians, and a blinded end point analysis has been performed focusing on a combination of several patient-reported efficacy and tolerability end points that are known to be important for the benefit-risk assessments of patients. Main advantage of such a study design is the assessment of clinical outcomes under conditions that allow both the enrollment of data from a broad patient population (in our case patients who require one of both index medications owing to elsewhere-refractory moderate-to-severe cLBP-NC) as well as open-label noninterventional dose adjustments and the discretionary use of concomitant medications on an as-needed basis (which reflect clinical practice) but with the advantage of some kind of randomization and rigorous evaluation of study end points by blinded data analyses. 50, 51 Analgesic treatments followed medical requirements according to the decision of the participating physicians and based exclusively on individual patient needs without any external specifications.
After baseline evaluation (prior onset of treatment with index medication), patients completed standardized pain diaries on a weekly basis and provided information on their current health status and their response to the medication via the German Pain Diary. Formally, no predefined study visits were scheduled. However, interim visits were possible at all times according to individual patient needs and established procedures (eg, if patients had to be closely monitored due to commencement of treatment, inadequate pain control, tolerability issues, and/or AEs).
This noninterventional treatment evaluation was conducted in accordance with the principles of the Declaration of Helsinki, conformed to relevant national and regulatory requirements, and was approved by the independent ethics committe of the State Authorisation Association for Medical Issues Baden-Württemberg. All patients provided written informed consent prior participation in the German Pain Registry, and this study was registered in the electronic database of the European Medicine Agency for noninterventional studies (ENCEPP/SDPP/11234). All analyses were performed with anonymized data derived from the German Pain Registry to comply with national guidelines on protection of data privacy. Data selection based on a temporary selection key list as defined by the inclusion and exclusion criteria mentioned below.
Patient data eligibility criteria
Data selected for this study were those of male and nonpregnant, nonlactating female patients who were at least 18 years of age with a documented history of moderate-to-severe nonmalignant cLBP-NC, previously treated with WHO Step I or II analgesics and/or adjuvant treatments, who experienced either insufficient pain relief and/or unacceptable side effects, and who got an round-the-clock therapy with one of both index medications. The NC of these cLBP patients was evaluated using the modified seven-item version of the painDetect questionnaire (PDQ 7 ), 52 and patients were required to have a PDQ 7 score of ≥11 at baseline (with scores of 11-18 classified as "mixed" and scores of 19-35 classified as "neuropathic") to qualify their data set for this analysis.
Patient data exclusion criteria
Exclusion criteria for this study applied data sets containing contraindications as listed in the German prescribing information of both analgesics, and additionally addressed situations as well as conditions that would confound the analysis and/or interpretation of the observational results. Therefore, data were excluded from this analysis if patients reported a hypersensitivity to any of the product constituents, or if they documented severe respiratory depression, chronic obstructive airway disease, pulmonary hypertension, severe bronchial asthma, paralytic ileus, moderate-to-severe hepatic impairment and/or renal impairment, or any other condition in which a therapy with a strong WHO Step III analgesic is usually contraindicated. In addition, data of patients who were reported to suffer from an irritable bowel syndrome, GI diseases, and significant structural abnormalities of the GI tract, who participated in a clinical research study involving a new chemical entity or an experimental drug within 30 days prior onset of treatment, or in whom a scheduled surgery was performed during the observational period were excluded as well.
Index medication
Patients received their index medication in the course of routine clinical practice and based on their individual needs.
Initial starting dose, dose titration, and further dose adjustments followed the recommendations given in the marketing authorization in existence at the time of this study and were documented in the German prescribing information. 53, 54 For opioid-naïve patients, the recommended starting dose of OXN vs TAP was 10/5 vs 50 mg (each corresponding to 20 mg morphine equivalent [MEQ]) of a PR preparation twice daily (bid). Data sets describing initial dosages exceeding twice the recommended starting dose were excluded from this analysis. Any dose adjustments, prescriptions of analgesic comedication, rescue medication, or laxatives were done at the discretion of the physician and due to the individual needs of the patients.
Study assessments Efficacy evaluation
Effectiveness was evaluated from the patient's perspective only. Efficacy assessments were performed on the basis of patient-reported information documented for pain intensity, pain-related disabilities in daily-life activities/functionality, and QoL. Pain intensity measures based on the low back pain (LBP) intensity index (LBPIX) were calculated as arithmetic mean of the lowest, average, and highest 24-hour LBP intensities on a 100 mm visual analog scale (VAS 100 ; 0= "no pain" and 100= "worst pain conceivable"). LBP-related disabilities in daily life were assessed with a modified version of the pain disability index (mPDI), which recorded the degree of LBPrelated functional restrictions in daily-life activities on the basis of an eleven-point numerical rating scale (NRS 11 ; 0= "none" and 10= "worst conceivable") with respect to seven distinct domains (related to "home and family activities", "recreation", "social activities", "occupation", "self-care/ personal maintenance", "sleep", and "overall QoL"). 55, 56 QoL was measured using the three-level, five dimension EuroQol questionnaire (EQ-5D-3L), which includes the five dimensions "mobility", "self-care", "usual activities", "pain/ discomfort", and "anxiety/depression" rated as "no problems", "some problems", or "extreme problems". 57 The ratings were then converted to a weighted EQ-5D index score ranging from 0 ("worst possible state of health") to 1 ("best possible state of health"). All parameters were recorded by patients retrospectively for the last 7 days, starting at baseline (to assess the situation prior onset of the index medication) and covering the whole observation period with regular assessments at the end of each treatment week. Other end points were the global impression of change assessed by both the patient and clinician, using the Patient Global Impression of Change and Clinician Global Impression of Change, respectively. 
1005
Efficacy and tolerability balance of OXN and TAP in cLBP-NC Safety and tolerability measures Safety assessments consisted of monitoring all treatmentemergent AEs (TEAEs), collected via respective patient questionnaires provided by the German Pain Registry. For this evaluation, TEAEs were defined as any untoward medical occurrence reported by a patient receiving an index medication and did not necessarily have a causal relationship with the trial treatment. OIC was assessed using data from the validated bowel function index (BFI), which was calculated as the mean of three items recorded retrospectively by patients for the last days on the basis of a 100 mm horizontal visual analog scale (VAS 100 ) at the end of each treatment week. 59, 60 Single BFI items were as follows: ease of defecation (0= "easy/no difficulty" and 100= "severe difficulty"), feeling of incomplete bowel evacuation (0= "not at all" and 100= "very strong"), and personal judgment of constipation (0= "not at all" and 100= "very strong"). In addition, the number of complete spontaneous bowel movements (CSBMs; defined as a stool not induced by rescue medication or other external measures and associated with a sensation of complete evacuation) in the last days and the use of laxatives were used to evaluate the degree of constipation.
Random selection
Data selection followed a simple random sampling procedure based on an a priori defined randomization list for both index treatments (OXN or TAP; 1:1 ratio, block size 10) to prevent selection and accidental bias. Opioid treatments of patients whose records were basically classified as appropriate for data selection were sequentially (in order of their treatment initiation dates) compared with those given in this random list and -in case of accordance -finally selected for this analysis.
Statistical analysis
The aim of this noninterventional treatment evaluation study was to demonstrate the noninferiority of the BRP of OXN vs TAP for the treatment of "neuropathic" cLBP under real-life conditions. Primary criteria for this comparison were the treatment contrasts for the frequency of patients reporting a combination of six efficacy and tolerability end points important for a successful treatment under real-life conditions: a clinically relevant (ie, ≥30% vs baseline) relief with respect to 1) pain intensity, 2) functionality, and 3) QoL, each at the end of the observation period compared to baseline, without 4) any AE-related treatment discontinuations, 5) CNS side effects, or 6) a BFI deterioration beyond the normal reference range. The primary end point of this study was the percentage of responders, ie, patients who fulfilled all the mentioned criteria (Table 1) . Secondary end points evaluated the percentages of patients for the individual components 1) to 5) of the primary composite end point mentioned earlier. In addition, the proportions of patients who achieved improvements of 50% and 70% with respect to pain, pain-related disabilities in daily life, and QoL were determined as recommended by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials to gain further information on the analgesic power of the index medications evaluated. 61 Safety analyses addressed the percentages of patients with 1) TEAEs, 2) TEAE-related treatment discontinuations, as well as 3) spectrum and 4) characteristics of TEAEs reported.
Data analyses were performed for a modified intent-totreat (ITT) population, which consisted of the data sets of all randomly selected patients who 1) took at least one dose of the index medication and 2) had at least one postbaseline/ postdose measure. Sample size estimations, performed prior to this study resulted in a required number of 120 data sets for each treatment group, providing a 90% power to conclude the noninferiority of OXN vs TAP with respect to the combined BRP end point, based on an anticipated responder rate of 30% for TAP, a noninferiority margin of 10%, and a two-sided Type I error of 2.5%. Assuming an attrition/dropout rate of ~20% and a ~40% selection rate (based on the hidden random list), a total of 300 patient data sets per treatment group were to be collected to ensure ~120 evaluable patient data sets per ITT group. Linear interpolation was used to impute intermittent missing scores, and the last observation carried forward method was to impute missing scores after early discontinuation. The corresponding completed data set built the basis for all primary and secondary end point analyses. Additional "completer case analyses" and "as observed data" analyses were scheduled in case of a critical attrition asymmetry between treatment groups (ie, between group dropout difference ≥10%).
Descriptive and inferential statistical analyses were performed. For continuous variables, descriptive statistics were summarized by the number of patients (n), the mean, standard deviation (SD), and 95% confidence intervals (95% CIs) of the mean, median, and range (minimum -maximum) values. For categorical and ordinal variables, data were summarized by frequency number (n) and percentage (%) of participants in each category; where appropriate, 95% CIs were added. For between-group comparisons of continuous/categorical variables, Student's t-test/Pearson's χ2 test was used. For within group, (eg, pre-post) comparisons, paired samples t-tests were performed. All statistical tests were carried out using a two-sided significance level of 0.05. Since all comparisons, except those for the primary end point, were considered secondary, the respective analyses were exploratory and not adjusted for multiplicity.
Results
Patient disposition
Between 1st March and 31st October 2015, 13,314 pain patients actively participated in the German Pain Registry and used 2,457,228 validated documentation tools (on average 185 per patient) to report on their pain problems and their response to treatments. Roughly two-thirds of these patients (9,085; 68.2%) recorded a back pain problem, and of those, 637 (6.9%) formally fulfilled the inclusion and exclusion criteria of this study. After screening of their baseline data for completeness and conformity with the evaluation plan, the data of 579 patients were finally classified appropriate, and of those, the data of 261 patients (45.1%) were randomly selected for this analysis (128 for OXN, 133 for TAP; see patient disposition in Figure 1 ), resulting in an ITT population which met the predefined requirements of the sample size estimation considering a statistical power of 90%. With 30/128 patients treated with OXN (23.4%) and 30/133 patients treated with TAP (22.6%), attrition rates were well balanced and comparable for both index treatments. The main reason for a treatment discontinuation within Weeks 1-12 after initiation of the index treatment was insufficient tolerability of treatments (38/261, 14.6%), followed by TEAEs (19/261, 7.3%) and inadequate analgesic efficacy (16/261, 6.1%).
Baseline characteristics
Baseline demographics were essentially comparable between both treatment groups and are presented in Table 2 . Mean age (±SD) was 46.9±9.6 (median: 47, range: 20-71) years, and 59.4% (155/261) of the participants were female. About 60.5% (158/261) or six out of ten back pain (BP) patients suffered for longer than 6 months prior to baseline; 82.4% (215/261) or eight out of ten reported a treatment by at least five different physicians (average 5.8±1.4, median: 6, range: 3-10), and 83.9% (219/261), ie, the same proportion of patients, documented a pretreatment with at least five analgesic medications (on average 6.3±1.9, median: 6, range: 3-13). Nonopioid analgesics were the most frequently used treatments reported by 98.9% (n=258/261) of patients as the prior index medication, followed by nonsteroidal anti-inflammatory drugs (96.2%, 251/261), antidepressants (70.1%, 183/261), WHO Step II opioids (69.3%, n=181/261), and antiepileptic agents (37.5%, 98/261). Around 37.2% (97/261), a third of patients, presented with advanced pain chronification (Stage III) according to the Mainz Pain Staging System, 35 and 59.0% (n=154/261) suffered from a high disability with either moderate (Grade III; n=100/261, 38.3%) or severe (Grade IV; n=54/261, 20.7%) limitations according to the von Korff pain grading scale. 36 For both assessments, OXN patients showed significantly stronger impairments compared to those treated with TAP.
Baseline pain intensity as well as all other pain-related patient measures were comparable among treatment groups. Scores for lowest, average, and highest 24- 7 scores ≥18 and had, therefore, per definition, a positive rating for an NC at baseline, whereas the remaining scored 11-17, and so their pain was therefore formally classified as of "mixed" or "unclear" pathophysiology. 
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Randomization effects
To exclude selection effects as a possible source of bias, we compared the demographic and baseline data of those 261 
Primary end point
Overall, 34 of 133 patients treated with TAP (25.6%, 95% CI: 18.9%-35.6%) reached the primary composite end point, and 51 of those 128 patients treated with OXN (39.8%, 95% CI: 31.8%-48.5%), thus formally confirming the noninferiority of OXN vs TAP according to the criteria prespecified in the evaluation plan ( Table 1) . As the between-group difference of 14.2% exceeded the noninferiority margin of 10% in favor of the comparative agent OXN and the 95% CIs of the corresponding odds ratio (OR: 1.929, 1.139-3.264) lay entirely above "1", a supplemental superiority analysis has been conducted that finally confirmed a significantly superior effect of OXN vs TAP (P=0.014).
Secondary end points
Complementary between-group analyses with respect to each single component of the efficacy and safety parameters underlying the primary composite end point are shown in 
Further efficacy analyses
Treatment was followed by a significant pain relief in both treatment groups: absolute (VAS 100 )/relative (% vs baseline) change for patients treated with OXN vs TAP was −14. Proportion of patients with LBPIX scores ≤30 mm VAS 100 increased significantly from baseline to the end of study with both treatments (P<0.001 for each treatment); however, this was significantly more with OXN (71.9%) vs TAP (60.2%; P=0.046). In parallel, the percentage of patients who were able to reduce their LBPIX scores to or even below their tailored treatment target -an a priori (at baseline) set LBPIX VAS 100 level that defines an individual pain intensity threshold that allows patients to manage their daily-life activities -were significantly higher for OXN than for TAP (58 Analysis of the percentages of patients who reported a distinct LBPIX improvement at the study end vs baseline revealed a superior analgesic efficacy of OXN vs TAP with more challenging responder definitions beyond the already mentioned ≥30% criteria (Figure 3 ). Comparable treatment effects were also seen for pain-related disabilities in daily life and QoL, as shown in Figure 4 . Although ≥30% response rates were either comparable (for LBPIX) or slightly different (for mPDI and EQ5D-3L), between-group differences increased for all three efficacy parameters with escalating responder definitions in favor of OXN. A modified primary end point analysis based -beyond the already reported ≥30% response rate -also on ≥50% and ≥70% responses 
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Efficacy and tolerability balance of OXN and TAP in cLBP-NC for LBPIX, mPDI, and EQ5D-3L is shown in Figure 5 . Although proportions of patients who reached those different (≥30%/≥50%/≥70%) responder end points decreased within both treatment groups, the between-group differences did not and confirmed the superior efficacy of OXN vs TAP, especially if stricter efficacy response criteria were applied for pain intensity, pain-related disabilities, and QoL.
Response is dependent on clinical phenomenology at baseline
A primary end point analysis for subgroups of patients suffering from "mixed" or "neuropathic" types of LBP revealed differential effects of both treatments. Although OXN showed a superior effect vs TAP for BP patients who presented clinically with a "mixed" phenomenology (response rate: 42.7% vs 19.1%; OR: 3.160; P=0.002), both treatments proved comparably effective for patients with a more "neuropathic" type of pain (response rate: 36.7% for both). 
Change in clinical phenomenology
Tolerability analyses Bowel function index
As expected with the introduction of opioid agonistic WHO
Step III analgesics, bowel function worsened from baseline to the end of study ( Figure 6 ). BFI scores increased from baseline to the study end from 14.9±15.5 to 18.0±15.5 (P<0.001) Notes: Data of the upper panel show the absolute (relative) proportion of patients, who presented with a ≥30% improvement (vs baseline) with respect to the LBPIX, pain-related disabilities in daily life (assessed with the mPDI), QOL (assessed with the EQ5D-3L), and the aggregate of all three efficacy parameters. Data of the lower panel show the absolute (relative) proportion of patients, who completed the 12-week treatment observation without any adverse event-related premature discontinuation, who experienced no CNS-related adverse events and, who reported a normal bowel function index at the end of the study), and a combination of all three safety parameters. Abbreviations: OXN, oxycodone/naloxone; TAP, tapentadol; OR, odds ratio; 95% CI, 95% confidence interval; TEAE, treatment-emergent adverse event; CNS, central nervous system; W12; LBPIX, low back pain intensity index; W12, treatment Week 12 (end of observation); BL, baseline; mPDI, modified pain intensity index; QOL, quality of life; EQ5D-3L, five-dimensional (three-level) European quality-of-life questionnaire; mg, milligram; MEQ, morphine equivalent; SD, standard deviation. 
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Efficacy and tolerability balance of OXN and TAP in cLBP-NC Proportion of patients (percent ±95% CIs) who reported an individual ≥30%/≥50%/≥70% improvement (vs baseline) with respect to pain intensity (LBPIX, left), pain-related disabilities in daily life (mPDI, middle), and QOL (EQ5D-3L, right) at the end of the 12-week observation with TAP (n=133, light gray), and OXN (n=128, dark gray). Abbreviations: 95% CIs, 95% confidence intervals; LBPIX, low back pain intensity index; mPDI, modified pain intensity index; QOL, quality of life; EQ5D-3L, five-dimensional (three-level) European quality-of-life questionnaire; TAP, tapentadol; OXN, oxycodone/naloxone; ns, not significant.
the end of observation, whereas ten OXN patients (7.8%), who took initially none, started to do so during the 12-week observation.
Analyses of the available patient information on the use of laxatives revealed a mixed, however, comparable, utilization pattern for both treatment groups evaluated. At 
Safety evaluation
All study medications were well tolerated, without significant differences in the overall nature or severity of TEAEs, Figure 5 Proportion of patients (percent ±95% CIs) who recorded a ≥30%/≥50%/≥70% improvement (vs baseline) with respect to all the three efficacy parameters (low back pain intensity index, pain-related disabilities in daily life, and QOL) at the end of the 12-week observation with TAP (n=133, light gray), and OXN (n=128, dark gray) in combination with all the three safety/tolerability parameters as used for the primary end point analysis (eg, no TEAE-related study discontinuation, no CNS side effects, normal BFI at the end of observation). Abbreviations: 95% CIs, 95% confidence intervals; TAP, tapentadol; OXN, oxycodone/naloxone; QOL, quality of life; CNS, central nervous system; BFI, bowel function index; TEAE, treatment-emergent adverse event.
TAP (n=133) OXN (n=128) 
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Efficacy and tolerability balance of OXN and TAP in cLBP-NC or related treatment discontinuations. As shown in Figure 1 (Table 5) revealed that with 43 events (62.3%), the majority of those TEAEs affected the CNS, followed by 21 events (30.4%) affecting the GI tract, four (5.8%) affecting the skin, and one (1.5%) affecting the metabolic system. "Somnolence" as a reportable TEAE was the most frequently documented drug-related AE, noted with OXN/ TAP in 7.0%/7.5%, followed by abdominal pain (5.5%/1.5%), dizziness (3.1%/3.0%), and constipation (4.7%/0.8%). Of the 69 events, most of them were mild or moderate, with 17 (24.6%) classified as mild and 36 (52.2%) as moderate, and only 16 (23.2%) as severe. In all cases, TEAEs recovered completely, either after treatment discontinuation (60.9%, 42/69) or with supportive drug treatment (39.1%, 27/69).
Global impression of change
Clinician/patient rated global impression of treatment-related changes at the end of the 12-week observation period vs baseline were good, with only minor differences between both index treatments ( Figure 7) . Physicians scored treatmentrelated changes with OXN/TAP in 77.3% (99/133)/66.2% (88/128; P=0.045) and patients in 85.2% (109/128)/75.2% (100/133; P=0.035) as "very much" or "much improved". Overall, physicians and patients reported treatment-related improvements in 87.0% (227/261) and 91.6% (239/261).
Discussion
When considering appropriate treatment strategies for individuals with cLBP-NC, physicians have to balance the efficacy alongside safety and tolerability of treatments under consideration. This noninterventional treatment evaluation of routine data comparing flexible dose regimens of TAP and OXN, designed to reflect usual analgesic use in clinical practice, provides a comprehensive real-life assessment of the BRP of both WHO Step III analgesics in cLBP patients with an NC. Based on a composite response definition that incorporates a combination of six different items -chosen to reflect day-to-day challenges in balancing efficacy with tolerability in daily practice -both index medications proved efficacious and well tolerated. However, differences were observed with the degree of pain relief, which proved to be stronger with OXN in comparison to TAP if stricter response criteria were used.
This outcome is in contrast to the data of the randomized open-label study on both index treatments in patients with cLBP-NC published by Baron et al 45 in 2015. However, in contrast to our evaluation that was based on routine data gathered under conditions of daily life, dosing in the Baron study followed a prespecified schedule (formally based on information given in the SmPCs of both index medications) 
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Ueberall and Mueller-Schwefe and patients had to reach a definite dose level combined with a definite pain response at the end of the 3-week titration period, to qualify for the following 9-week evaluation period. This peculiarity of the Baron study did not really reflect dailylife titration approaches, which usually focus on a stepwise uptitration of the medication based on individual response and tolerability issues, without the need to reach a definite dose and/or a definite response at a distinct time point after treatment initiation. In addition, uptitration of a WHO Step III analgesic under daily-life conditions lasts normally longer than 3 weeks, and patients and physicians generally do not terminate a drug treatment initiated in response to a chronic pain condition such as cLBP-NC in patients elsewhere refractory to other approaches after 3 weeks, if either response or tolerability are not as expected, but try to improve patient's response by further dose adjustments to the individual needs. Due to the fact that the analgesic compound in OXN is a µ-opioid receptor agonist about twice as potent as morphine, 62 while the µ-opioid receptor activity of TAP is approximately only 2% vs morphine, 63 the combination of a forced titration process with definite treatment termination criteria focusing on tolerability issues as used in the Baron study resulted in a one-sided privilege of TAP vs OXN. Not surprisingly, the attrition rates for OXN (51.6%) at the end of the initial titration phase reported in the Baron study were significantly higher compared to those reported for TAP (23.1%) -as well as those observed by us for the first three treatment weeks with OXN (n=5/128, 3.9%) and TAP (n=5/133; 3.8%) -and due to the predefined techniques used to impute missing data for the final end point analyses unavoidably followed by a statistically superior analgesic response in favor of TAP.
As reported, overall attrition rates found in our analysis of 12-week data gathered under real-life conditions without any formal third party or other external influences were comparable for both treatments (OXN: 23.4%, TAP: 22.6%), highlighting the importance of an individualized titration process over time. Based on that, OXN did not only prove formally noninferior to TAP with respect to the primary end point, but even superior -due to its significantly stronger analgesic effects seen for treatment-related improvements of pain intensity, pain-related disabilities in daily life, and QoL. The differentiation between patients who presented with an improvement of pain and pain-related restrictions of ≥30%, ≥50%, or even ≥70% at the end of the 12-week observation period vs baseline as consequence of a treatment with OXN vs TAP showed clearly that the treatment of patients suffering from some kind of neuropathic pain with a high-potent opioid receptor agonist must not necessarily be inferior to the treatment with a low-potent opioid analgesic for whom preclinical studies also report a combined activity via norepinephrine-reuptake inhibition. 44, 64 In fact, data from individual randomized, placebo-controlled trials with 
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Efficacy and tolerability balance of OXN and TAP in cLBP-NC TAP in patients suffering from diabetic neuropathy, 65 from structured literature reviews, 66 and from recent meta-analyses on the efficacy of different treatments used for neuropathic pain 11 have so far been unable to indisputably prove a superior analgesic effect of TAP vs placebo and/or potent WHO
Step III opioids. This issue does not necessarily mean that the combined approach described for TAP is not effective for patients with neuropathic pain but shows that new approaches proven in preclinical studies do not necessarily translate into relevant improvements vs established treatments if given under daily-life conditions of routine care.
Overall, both index treatments proved equally tolerated and showed only marginal differences with respect to occurrence, spectrum, and severity of side effects reported. In general, TEAE prevalence was significantly lower for both index medications evaluated compared to those reported by randomized controlled trials. However, in contrast to these previous studies, the assessment of side effect data in the current analysis based solely on spontaneous self-reports of patients, which are known to either yield a significantly lower percentage of AE instances and also cover predominantly events more debilitating in nature relative to regularly scheduled assessments with standardized AE questionnaires as they are usually performed in traditional trials -noninterventional in nature or not. 67 The majority of TEAEs reported were mild or moderate in intensity, resolved spontaneously without specific counter measures, and occurred -to our surprise -with two exceptions (headaches and GI problems) equally frequently with both index medications. Despite the fact that the worsening in BFI was biometrically significant vs baseline in patients treated with OXN but not in those treated with TAP, the proportion of patients who presented with BFI scores above the upper reference range at the end of the observation period was comparable for both index treatments (OXN: 32.0% vs TAP: 27.8%, P=0.457). Constipation (4.7% vs 0.8%) and abdominal pain (5.5% vs 1.5%) were the two GI-related TEAEs that differentiated numerically best between OXN vs TAP, but resulted only in combination in a significantly superior tolerability in favor of TAP (11.7% vs 4.5%, P=0.032), reflecting not only the significantly improved OIC profile of OXN vs oxycodone and other potent µ-opioid receptor agonists, but also the favorable GI profile of the WHO Step III analgesic TAP, which exhibits only minor µ-opioid receptor activity. This overall favorable tolerability profile of both index medications is in contrast to the data of the randomized treatment comparison of TAP vs OXN published by Baron et al 45 as already mentioned, where OXN treatment was associated with a significantly increased risk of constipation and other side effects vs TAP leading to premature treatment discontinuations of 51.6% vs 23.1% during the titration phase and of 62.5% vs 33.8% for the whole study. Major differences to our evaluation that -at least from our point of view -count responsible for these extraordinary attrition rates were a predefined dosing schedule as well as the requirement to achieve a distinct treatment response at the end of the 3-week titration phase to gain access to the real treatment evaluation phase in the Baron study, that obviously forced physicians to increase dosages according to the given titration schedule and not according to the individual needs of their patients. As a consequence, average (±SD) 3-week dosages for TAP vs OXN were substantially higher in the Baron study (259.0±80.1 vs 45.0±18.3 mg) compared to those observed in this treatment evaluation (164.5±50.8 vs 27.8±11.4 mg). On the other hand, these data show that TAP has an overall beneficial tolerability profile that allows a rapid titration without provoking significant side effects even by nonpain specialists, which might help with respect to the differentiation of both index medications for different user populations.
To the knowledge of the authors, this is the first time that such a multifactorial composite definition of response reflecting the complexity of daily-life considerations has been used for the scientific evaluation of treatment effects observed with routine data gathered under real-life conditions in patients suffering from some kind of neuropathic pain, and hence, the rationale for the choice of the response criteria underlying our primary BRP end point deserves some discussion. The combined weighting of different factors covering efficacy as well as tolerability and safety aspects of a treatment -something natural in daily routine care for pain patients -has not gained importance in clinical trials as it has in daily life due to few methodological issues reluctantly seen by authorities and scientists. Most of these concerns focus on a potential bias, as there may be competing risks between different end points, and therefore it is important to particularly look whether a positive composite end point camouflages a negative individual outcome or dilutes the effect of the treatments under evaluation on other end points. As a consequence, regulatory authorities usually require all components of a composite end point to be analyzed separately to reassure if a treatment affects all components or just a single outcome [68] [69] [70] -a requirement fulfilled by the current analysis.
In general, the use of a composite end point for the evaluation of treatment effects is justified if the individual components of the composite are clinically meaningful and of similar importance to the patient and if the expected effects on each component are similar, based on biological plausibility (which is, in the end, the rationale for using a composite end point). [70] [71] [72] As pain is not only a symptom but also a cause for functional disability and restrictions in physical and mental QoL, the combined use of all three aspects for the definition of response sounds rational for daily-life evaluations. And the same is true for the tolerability appraisements chosen in our study, as the overall ability to stay on a treatment without conflicting side effects combined with least problems in those two organ systems known to be usually affected in most patients treated with a potent WHO Step III opioid -the CNS and the GI tract -is of upmost importance.
In our evaluation, separate analyses for each of the three efficacy and tolerability end points as well as each individual component of these aggregates offer a detailed in-depth view on the effects of both index medications. All individual components of both of our composite end points were not only clinically meaningful, but also based on daily-life procedures and allowed the combined evaluation for individual patients mirroring daily-life procedures in contrast to the groupwise comparisons usually used in controlled trials such as the Baron study, which frequently hide individual response rates behind average scores. Main drivers for the treatment effect differences seen for OXN vs TAP in our evaluation were the combined efficacy end point (reached by 57.8% vs 41.4%; P=0.008), and among its components, the percentage of patients who reported at least a 30% improvement in QoL at the end of the 12-week observation period vs baseline (76.6% vs 63.9%; P=0.026). In contrast to that, tolerability analyses showed comparable effects of both index treatments both for the combined tolerability aggregate, as well as its individual components.
An important aspect of our evaluation was the fact that all analyses of the BRP were based on the labeled dosages of both index treatments, chosen, initiated, uptitrated, and maintained without any external influences, solely based on the individual needs of the patients seeking help. Despite the fact that we found no indicators for specific selection effects, it seems at least probable that there are some. Physicians usually try to use the most effective and tolerable treatment option for their patients, which involves a trade-off between the expected benefit and the potential risk based on individual patient circumstances that must not necessarily be identifiable by standardized patient records. From that point of view, it must be taken into consideration that patient selection for both treatments suffered some risk for some kind of positive selection for both index medications, and therefore it is not the least surprising that the treatment effects and tolerability data reported here showed for both agents an overall improved BRP vs those reported by randomized controlled trials. However, these issues are part of daily-life considerations and mirror current treatment strategies for patients with cLBP-NC much better than those randomized treatment selections performed by controlled trials.
Strengths and limitations
Several limitations should be noted, including that this treatment effect evaluation was based on observational and openlabel real-world data gathered via an electronic treatment registry as part of daily routine. Since selection of patients and choice of treatment was based solely on the discretion of the physicians and their clinical judgments, medications were allocated in a nonrandomized fashion, a factor that might interfere -irrespective of the random select approach we used to overcome this limitation -with the treatment effects reported. This design may also be considered as setting an imbalance in clinical equipoise, since the repeatedly published effects of TAP for different pain types with an NC and the advantages of OXN for OIC suffer some risk of a biased patient selection, irrespective of the fact that we found none in our analyses.
Further obvious limitations of this analysis are the lack of a placebo group, the restricted ability to differentiate between outcomes that are due to adoption of the index treatments or due to other unrecognized changes in the population under study, and the fact that entering data into the German Pain Registry requires the active participation of physician and pain treatment centers and the implementation of the online documentation service iDocLive as part of routine care. Although both the lack of a placebo control and the restricted ability to correlate treatment and effect have to be accepted as inevitable issues in daily-life evaluations of routine medical care and the accompanying aspects of internal vs external validity are a well-known issue intensively discussed between scientists and practitioners, data analysis based on nonrepresentative or artificially collected patient samples might significantly interfere with the generalizability of the results obtained. To exclude selection effects as a possible source of bias, we compared demographic and baseline data of randomly selected vs nonselected cLBP-NC patients and found comparable demographic characteristics and only insignificant baseline differences. Physicians and centers building the network of the German Pain Registry covered the whole spectrum of medical disciplines involved in pain management and were homogenously distributed among Germany, hence minimizing the risk of geographical or other systemic patient selection biases. However, all participants were board-certified pain specialists accredited by the German Pain Association, well experienced with WHO
Step III analgesics and their differential use in patients with chronic nonmalignant pain. This special qualification might be the reason for the overall low and comparable attrition rates of both index medications and should be kept in mind when treatment strategies based on WHO Step III analgesics are adopted by less experienced physicians. In addition, patients treated by these specialists may differ from patients who consult primary care physicians, which should also be taken into consideration before translating the results of this evaluation to the general population of cLBP-NC patients.
Due to the use of routine data, there was neither a systematic monitoring of treatment compliance nor a formal recording of possible opioid addiction or treatment abuse. However, both index medications are known to have a lower risk of abuse compared with traditional WHO Step III analgesics.
A formal issue interfering with common Good Clinical Practice standards for conducting clinical trials and noninterventional studies is that none of the patient-reported data derived from the German Pain Registry for evaluation purposes like this one can be confirmed via medical charts, laboratory results, or treatment schedules, and this is due to the fact that the direct electronic data entry performed under the conditions of routine care does not provide evaluable materials for independent source data verification processes. Moreover, German data protection guidelines forced us to perform any analyses of data obtained from the German Pain Registry only with anonymized data sets, which excludes any possibilities for backward tracing or the identification of individual patients, pain management centers, or pain specialists.
On the other hand, this special design can also be considered as a unique strength of our analysis since it allows physicians not only to optimize a drug's efficacy and safety in clinical practice, which does not itself endorse balanced treatment strategies, but focuses almost exclusively on patient-relevant and, especially, patient-reported outcomes, sampled as part of a routine data registry established to improve patient care under real-life conditions.
Restrictions of the range of variables collected by users was -in contrast to most other routine data systems -not really a problem, as most of the information generated by administrative and clinical processes via the German Pain Registry was based on standardized documentation tools (eg, German Pain Questionnaire and German Pain Diary) mutually developed, agreed, and recommended for routine use by respective medical associations in Germany (the German Pain Association and the German Pain Society) and the German Pain League (Germanys largest umbrella group for selfregulating communities of pain and palliative care patients) in 2006. 73 Both standard tools contain a broad spectrum of validated self-assessment instruments (covering physical, mental, psychological, and social aspects of pain, previous, and current pain treatments, comorbidities as well as concomitant medication, etc.) sensitive for baseline as well as ongoing evaluations during the course of a pain treatment and fulfill the official requirements of the German National Association of Statutory Health Insurance Physicians for a quality-assured standard documentation tool for pain medicine. 74 Another important factor in favor of this registry-based treatment evaluation is that in contrast to usual studies (interventional or not), neither physicians nor patients got any reimbursements for their study-related data collection activities, a factor eliminating the risk of treatments initiated not for the medical sake of an individual patient but for economic reasons. German practice registry participation and the use of the online documentation tool iDocLive are complimentary for physicians who are members of the German Pain Association and free of charge for all patientsirrespective of their health insurance coverage.
Conclusion
Caring for patients with moderate to severe and elsewhererefractory cLBP-NC requires clinicians to carefully weigh benefits and disadvantages of a longer term opioid therapy and to select the most appropriate treatment with respect to the individual patient needs and the BRP provided under daily-life conditions The data presented here consist of a broad range of efficacy and tolerability measures matching daily-life assessments and clearly indicate that, under the conditions of routine care, both index treatments -OXN as well as TAP -proved to be effective, safe, and well-tolerated options when using flexible dose regimens as usual in clinical practice. Under these conditions, both treatments caused not only a biometrically significant but also clinically relevant improvement of pain, pain-related disabilities, and QoL and showed a favorable safety profile with only minor and clinically irrelevant differences with respect to prevalence, spectrum, and intensity of TEAEs reported. However, formally confirmed to be noninferior to TAP, OXN -a potent µ-opioid receptor agonist -showed a superior efficacy profile, particularly if stricter response criteria were applied in comparison to those usually used in clinical trials.
